Lactobacillus acidophilus A12 was isolated from chicken feces for use as an immunostimulating livestock probiotic. The purpose of this study was to optimize the production of L. acidophilus A12 using response surface methodology (RSM). Initially, the influence of growth medium was studied in terms of carbon sources (glucose, fructose, lactose, glycerol, sucrose, ethanol, and mannitol), nitrogen sources (beef extract, yeast extract, malt extract, and tryptone), and inorganic salts (CaCl , and NaCl). Through one factor-at-a time experiment, lactose, yeast extract, and CaCl 2 were determined to be the best sources of carbon, nitrogen, and inorganic salt, respectively. The optimum composition was found to be 17.7 g/L lactose, 18.6 g/L yeast extract, and 0.9 g/L CaCl 2 . Under these conditions, a maximum cell density of 9.33 Log CFU/mL was produced, similar to the predicted value.
Introduction
Antibiotics have been used as feed additives to promote more productive livestock farming. However, the use of these growth-promoting substances has led to an imbalance of beneficial intestinal flora and the development of antibiotic-resistant bacteria pathogenic to animals or humans (Kummerer et al., 2003) .
Probiotics have been used as an alternative to the use of antibiotics in animals and humans, and their efficiency as such in animals has been widely discussed (Benno and Mitsuoka, 1992; Clancy, 2003; Fernández et al., 2003 ; O 'Sullivan, 2001 ). Probiotics are viable single or mixed cultures of microorganisms which, when given to animals or humans, beneficially affect the host by improving the properties of the indigenous microflora (Havenaar and Huis in't Veld, 1992). The bacteria most commonly associated with probiotic activity are lactobacilli and bifidobacteria, but other non-pathogenic organisms, such as Escherichia coli and the yeast, Saccharomyces boulardii, have been used (Shin et al., 1996 (Shin et al., , 1999 The mass production of probiotic cultures has been studied with regard to the optimization of medium composition (such as carbon, nitrogen, and minerals) and environmental factors (like pH, temperature, agitation, etc.). In order to enhance the biomass yield probiotic cultures, an attempt was made to optimize the medium composition and process parameters and to characterize the cumulative and interactive effects on biomass production using response surface methodology (RSM). Optimization of growth medium is traditionally performed by varying one factor while keeping the other factors at constant levels. This technique is tedious when a large number of factors have to be investigated, whereas statistical experimental designs are a more efficient approach to deal with a large number of variables. Many reports have been published on the optimization of growth conditions for probiotic microorganisms. Sen and Swaminathan (1997) reported on the optimization of environmental conditions (pH, temperature, agitation, and aeration) Lactobacillus acidophilus A12 was isolated from chicken feces. L. acidophilus A12 was highly resistant to artificial gastric juice, bile acid, and antibiotics. L. acidophilus A12 also produces immunostimulatory and antioxidiant substances (Lee et al., 2008) . These results demonstrate the potential use of L. acidophilus A12 as a healthpromoting probiotic. In this study, the optimization of growth medium for the mass production of L. acidophilus A12 was carried out using a 2 3 full factorial central composite design to determine the most productive sources of carbon, nitrogen and inorganic salts.
Materials and Methods
Bacterial strain and culture media L. acidophilus A12 was cultured in lactobacilli MRS medium (Difco Laboratories, Detroit, MI, USA) at 37 
Enumeration of microbial cells
One mL from each sample was serially diluted in sterile 0.1% (w/v) peptone water, and the diluted samples were plated on lactobacilli MRS medium and incubated at 35 o C for 24 h. The plates were then counted and results recorded as colony forming units per milliliter (CFU/mL) of L. acidophilus A12.
Optimization of growth medium
The fermentation medium was studied in terms of carbon source, nitrogen source, and inorganic salts. Initially, the carbon sources tested were glucose, fructose, lactose, glycerol, saccharose, ethanol, and mannitol at 1% (w/v) with 1% (w/v) yeast extract. The nitrogen sources peptone, beef extract, yeast extract, malt extract, and tryptone were then studied at a 1% (w/v) concentration, along with 1% (w/v) optimized carbon source. Inorganic salts were then tested at a concentration of 0.1% (w/v), and included CaCl 2 , KH 2 PO 4 , (NH 4 ) 2 SO 4 , NaCl, or FeSO 4 in combination with optimized 1% (w/v) carbon source and 1% (w/ v) nitrogen source.
Central composite design
Response surface methodology was performed to screen various medium components for the maximization of cell concentration. The response surface approach by central composite design with five coded levels was performed. For the three factors, this design consisted of a full 2 3 factorial design with its eight points augmented with two replications of the center points (all factors at level 0) and the six star points, that is, points having for one factor an axial distance to the center of ±α, whereas the other two factors are at level 0. The axial distance α was chosen to be 2 (Table 1) .
Statistical procedures
The coefficient b 0 is the free or off-set term called the intercept. All results were analyzed by the software SAS 9.1. The model permitted evaluation of the effects of linear, quadratic and interactive terms of the independent variables on the chosen dependent variables. The optimum values of the selected variables were obtained by regression. RSM is an empirical technique employed for multiple regression analysis by using the data obtained. A central composite design coupled with a full second order polynomial model is used to acquire data to fit an empirical second order polynomial model. For three factors, the quadratic model takes the following form: Table 1 . Levels of independent variables in the experimental design 
Results and Discussion
Production of L. acidophilus A12 A general cell growth curve for L. acidophilus A12 was determined in lactobacilli MRS medium before carrying out the one factor-at-a time optimization procedure (Fig.  1) . The lag phase was approximately 2 h followed by the logarithmic phase from 2 to 8 h. Cell growth was maintained for additional 8 h. The maximum production of L. acidophilus A12 was observed at 16 h with a cell density of 8.23 Log CFU/mL.
Effects of various carbon, nitrogen sources, and inorganic salts on cell growth
The factorial design for medium optimization addressed the carbon source, nitrogen source, and inorganic salts in that order. The effects of various carbon sources on cell growth are shown in Fig. 2 . Lactose was found to be the best carbon source and thus was used as the carbon source in further experiments. In general, glucose is considered the best carbon source. Liu et al. (1999) showed glucose to be the best carbon source for the production of glutathione. However, glucose as the carbon source for L. acidophilus A12 resulted in a lower maximum cell density that with lactose, glycerol, mannitol, ethanol, or fructose. For L. acidophilus ATCC 4962, mannitol was determined to be the best carbon source for cholesterol removal and cell growth (Liong and Shah, 2005) .
The effects of various nitrogen sources are shown in Fig. 3 . The highest cell density was obtained when yeast extract was used as the nitrogen source, with a value of 8.15 Log CFU/mL. The relative cell densities for each nitrogen source in decreasing order were as follows: yeast extract > peptone > tryptone > malt extract > beef extract (Fig. 3) . Therefore yeast extract was used as the carbon source for further experiments. The effects of various inorganic salts are shown in Fig.  4 . Calcium chloride and magnesium sulfate increased L. acidophilus A12 cell density relative to MRS medium. However, ammonium sulfate, sodium chloride, potassium phosphate had a negative effect on cell growth. No increase in cell growth was observed with the addition of ferrous sulfate (data not shown). Imbert and Blondeau (1998) reported similar results with the needless incorporation of iron to the growth medium of lactobacilli. Based on its positive effect on cell density, calcium chloride was used as the inorganic salt in further experiments. In sum- mary, the central composite design included lactose, yeast extract, and calcium chloride as the components of the growth medium.
Production of L. acidophilus A12 using response surface methodology
The results for experimental runs and calculated coefficients for cell concentrations are given in Tables 2 and 3 , and the results of the second order response surface model fitting in the form of analysis of variance (ANOVA) are given in Table 4 . The Fisher F-test (infinity) with a very low probability value (Pr > F = <0.0001) demonstrates a very high significance for the regression models (Sen and Babu, 2005) In Table 4 , it is evident that the quadratic main effects of yeast extract (p = 0.0218) and calcium chloride (p = 0.0127) are more significant than their respective first order effects, though the cross product regressions are not significant (p>0.6). In this function, calcium chloride was the most important constituent, as evident from its quadratic main effect. Yeast extract at concentrations of 0.5-2% (w/v) showed positive effects (Fig. 5) , however lactose at concentrations of 0.25-3% (w/v) had negative effects (Fig. 5) .
The optimal medium for the production of L. acidophilus A12 was determined to contain 17.7 g/L lactose, 18.6 g/L yeast extract, and 0.9 g/L calcium chloride resulting in a maximal cell density of 9.33 Log CFU/mL. Fermentation was carried out in the optimized medium at 35 o C, with 1% (v/v) seed culture (Fig. 6 ). This resulted in 13.37% higher production of L. acidophilus A12 in the optimized medium relative to MRS medium. These data are in close agreement with the model predictions. 
